Introduction
Parabens, triclosan, and benzophenones are three classes of synthetic organic chemicals with preservative, antimicrobial, and ultraviolet radiation proof properties. They are widely used in personal care products, such as cosmetics, soaps, toothpastes, and sunscreens, and are commonly added in pharmaceuticals, food commodities, as well as industrial products (Asimakopoulos et al., 2014; Bledzka et al., 2014) . Humans are widely exposed to these chemicals through direct dermal absorption, oral intake, or inhalation (Heffernan et al., 2015; Larsson et al., 2014) . Parabens, triclosan, and benzophenone have been associated with various adverse health effects, including increased risks of breast cancer, obesity, metabolic disturbance, and adverse birth outcomes in previous studies (Darbre and Harvey, 2014; Geer et al., 2017; Giulivo et al., 2016) . Nevertheless, limited data are available on the adverse effects of these chemicals on the cardiovascular system.
The risk of cardiovascular disease increases linearly with blood pressure in adults (Kshirsagar et al., 2006) . Pregnant women are more susceptible to high blood pressure than general adults because of endocrine alteration, plasma flow increment, and stress elevation over the course of pregnancy (Sanghavi and Rutherford, 2014) . Elevated blood pressure during pregnancy, even that not exceeding the clinical hypertension threshold, can pose a risk of pregnancy complications and adverse birth outcomes, including preeclampsia, intrauterine growth restriction, preterm birth, placental abruption, and cesarean delivery (Hennington and Alexander, 2013; Macdonald-Wallis et al., 2014; Van den Hooven et al., 2011) . Further, it can cause long-term consequences later in life by increasing the risk of future cardiovascular disease of both the mother and child (Hennington and Alexander, 2013; Intapad and Alexander, 2013) .
Recently, exposure to endocrine-disrupting chemicals (EDCs) has been associated with increased risk of cardiovascular diseases and increased blood pressure status (Bae and Hong, 2015; Werner et al., 2015) . Studies revealed EDCs increased blood pressure partly via binding to nuclear receptors, interfering with sex hormone and thyroid hormone, and disrupting the endocrine system, consequently leading to endothelial dysfunction (Bae and Hong, 2015; Bonefeld-Jorgensen et al., 2007; Kataria et al., 2017; Kirkley and Sargis, 2014; Mendelsohn, 2009; Moriyama et al., 2002; Shiue, 2014) . Like bisphenols and phthalates, parabens, triclosan, and benzophenones are also capable of disrupting sex hormones and thyroid hormones (Aker et al., 2016; Schmutzler et al., 2007) , which allows us to hypothesize that these chemicals might influence blood pressure, especially in vulnerable populations such as pregnant women.
Therefore, in the present study, we assessed exposure levels by measuring urinary chemical concentrations in three trimesters and investigated the associations of paraben, triclosan, and benzophenone exposure levels with blood pressure status during pregnancy based on a prospective birth cohort in Wuhan, China. In addition, we evaluated whether the associations varied by fetal sex, since fetal sex has the potential to affect the occurrence of hypertensive disorders of pregnancy (HDP) (Al-Qaraghouli and Fang, 2017).
Methods

Study population
The present study is based on an ongoing birth cohort and was conducted at the Wuhan Women and Children Medical Care Center in Wuhan, Hubei Province, China. Pregnant women were recruited when they visited the study hospital for their first routine prenatal care based on the following criteria: 1) < 16 weeks of gestation; 2) conceived a singleton baby; 3) a resident of Wuhan city and not planning to move out of Wuhan for the foreseeable future; 4) planned to follow prenatal care during pregnancy and give birth at the study hospital; and 5) agreed to have in-person interviews and repeatedly provide urine samples during pregnancy. We initially recruited 1244 pregnant women in this cohort during the period of 2014-2015. For the present study, we excluded 388 women without urine samples and 212 women without blood pressure measurements in any of first, second, or third trimesters. Finally, a total of 644 (51.77%) pregnant women with urine samples and blood pressure measurements in all three trimesters (gestational weeks: first trimester 13.0 ± 1.1, second trimester 23.6 ± 3.2, third trimester 36.0 ± 3.2) participated in the present study. In addition, we compared the basic information between excluded women (n = 600) and included women (n = 644) in the present study and found that all characteristics, except passive smoking, did not vary statistically between the two groups (data not shown). Among the 644 participants, no woman had hypertension or renal or heart disease before pregnancy. At enrollment, all women were informed about the details of the study and provided written informed consent forms. Both the Ethics Committee of the Tongji Medical College and the Wuhan Women and Children Medical Care Center granted the ethical permission by approving the study protocols.
Exposure assessment
Urine samples were collected in a polyethylene container when women came to the study hospital for prenatal care in each trimester and were frozen at −20°C until further processing. -3] , and 4-hydroxybenzophenone [4-OH-BP]) were analyzed by an Ultimate 3000 ltra-high performance liquid chromatography system (Dionex, Sunnyvale, CA, USA) coupled to a Thermo Scientific™ TSQ Quantiva™ Triple Quadrupole mass spectrometer (Thermo Scientific, San Jose, CA, USA) (UPLC-MS/MS). The detailed procedures of the sample preparation and the parameters of the UPLC-MS/MS were described in our previous study (Zhao et al., 2017) . To monitor instrument background, contamination during preparation, and the instrumental drift, we incorporated the pure blank solution, procedural blanks, and quality control samples in each batch of detection. This method had good accuracy and recovery. The coefficient of variation (CV) was assessed to evaluate performance. CV was calculated by the following equation: CV = standard deviation/average 100. All CVs were < 5% and considered satisfactory. The intraday and interday precisions of all chemicals of this method were within the acceptable variability limits (i.e., within 15%). The limits of detection (LODs) of MeP, EtP, PrP, BuP, BzP, triclosan, BP-1, BP-3, and 4-OH-BP were 0.05, 0.01, 0.05, 0.05, 0.01, 0.1, 0.1, 0.2, and 0.1 ng/mL, respectively. The levels of all chemicals below the LODs were treated as LOD divided by 2.
In addition, given that structurally similar chemicals usually have similar toxicity (Braun et al., 2014) , we calculated the sum of parabens (μmol/L) by adding the molar urinary concentrations of the five parabens together (∑parabens = BzP/228.247 + EtP/166.174 + BuP/ 194.227 + PrP/180.203 + MeP/152.149) . The molar sum of the three benzophenones was also calculated using the same method (∑benzophenones = BP-1/214.22 + BP-3/228.247 + 4-OH-BP/198.221).
Immediately after the urine samples were thawed for determination, we measured the specific gravity (SG) by a refractometer (Atago PAL-10S, Atago, Tokyo, Japan) to control urine dilution. The median of all urinary SG values was 1.012. SG-corrected concentrations of urinary chemicals were calculated according to the formula: SG-corrected concentration = measured concentration × [(1.012 − 1) / (SG − 1)].
Outcomes and covariates
Blood pressure of pregnant women was measured using an automated sphygmomanometer (A&D Medical Life Source TM-2655 Digital Blood Pressure Monitors, Ibaraki-ken, Japan) at their prenatal care visits at the study hospital (Kobalava et al., 2006) . First, women were asked to take at least a 5-minute rest and sit in an upright position. Then, the specially trained clinic nurses guided them to insert their right arm into the cuff at the proper depth and measured systolic blood pressure (SBP) and diastolic blood pressure (DBP) according to the standard procedures (Kobalava et al., 2006) . The nurses documented the SBP and DBP values in both the prenatal care system and the personal prenatal care records. Pulse pressure (PP) was calculated by SBP minus DBP. Mean arterial pressure (MAP) was calculated using the following formula: MAP = 1/3 × SBP + 2/3 × DBP (Von Dadelszen et al., 2000) .
Interviewers were specially trained to administer the questionnaire according to standardized procedures. Face-to-face interviews were conducted by the specially trained interviewers to collect sociodemographic information, including age, marital status, occupation, education, and annual family income status, and lifestyle habits, including alcohol drinking (defined as pregnant women who consumed alcoholic beverages at least once throughout pregnancy), active smoking during pregnancy (defined as pregnant women who smoked tobacco at least once throughout pregnancy), and passive smoking status (defined as nonsmoking women exposed to tobacco smoke during pregnancy from her spouse or other family member living in the same household or the workplace) (Zairina, 2016) . Medical records provided us information about body weight before pregnancy, height, last menstrual period, parity, and diseases, including gestational diabetes mellitus (GDM), HDP, original heart disease, and hypertension history before pregnancy. Pregnant women were diagnosed with GDM based on the recommendations of the International Association of Diabetes and Pregnancy Study Group (American Diabetes Association, 2011). We calculated pre-pregnancy body mass index (BMI) (kg/m 2 ) as the ratio of body weight (kg) divided by the height squared (m 2 ). Gestational age (weeks) was obtained based on the first-trimester ultrasound examination. Neonatal sex was obtained from delivery records in the study hospital.
Statistical analysis
We summarized the relevant characteristics of the participants stratified by fetal sex and compared them using Student t-test for continuous variables and chi-square for categorized variables. Geometric means (GMs) and selected percentiles of SG-corrected concentrations of parabens, triclosan, and benzophenones at each trimester were calculated among all participants and in the subgroups divided by fetal sex. Intraclass correlation coefficients (ICCs) of the chemicals across three trimesters were calculated by a random intercept-only mixed linear model to measure the variability of the urinary concentrations of chemicals. To assess the overall exposures during pregnancy, we calculated GMs and medians of concentrations of these chemicals for each individual using three measurements in the first, second, and third trimesters, respectively. The difference of ln-transformed urinary chemical levels across three trimesters was tested by one-way repeatedmeasures analysis of variance, followed by the Bonferroni test. The lntransformed concentrations of chemicals across three trimesters between the mothers with male fetuses and those with female fetuses were compared by two-way repeated-measures analysis of variance.
In the following analyses, we estimated associations of blood pressure with chemicals that had a detection rate of > 50% (including MeP, EtP, PrP, triclosan, BP-1, BP-3, and 4-OH-BP) and ∑parabens as well as ∑benzophenones. We transformed all SG-corrected concentrations of those chemicals by natural logarithm (ln) because of the skewed distributions. We used mixed linear models with subject-specific random intercepts to estimate the coefficients (βs) and 95% confidence intervals (CIs) between the repeated chemical levels (ln-transformed) in three trimesters and blood pressure values (mm Hg) during pregnancy. Generalized estimating equations were used to examine the associations between the repeated measurements of parabens, triclosan, and benzophenones (ln-transformed) across the three trimesters and HDP occurrence. We used generalized additive models (GAMs) to assess the shape of the relationships of parabens, triclosan, and benzophenones with SBP, DBP, PP, and MAP during pregnancy. The results of the GAMs showed no evidence of significant departure from linearity (all nonlinearity P-values > 0.05). We also divided the average chemical concentrations (GMs) across the whole pregnancy into tertiles to further test the potential nonlinear dose-response relationships with average blood pressure (GMs) during pregnancy, with the lowest exposure levels as the reference. Linear trends were tested using the Wald test by assigning the median values of tertiles of chemicals as continuous variables. We adjusted for age (continuous variable), pre-pregnancy BMI (continuous variable), fetal sex (male or female), annual family income (< 100,000 or ≥100,000 yuan/year), and GDM (yes or no) in the final models because these factors were significantly associated with blood pressure in bivariate analyses (P < 0.1). We also included parity in the adjusted models, because it was previously proved to affect blood pressure status in pregnant women (Gleicher et al., 1986) . The adjustment for the potential confounders was not applied to tobacco or alcohol consumption, since only one woman reported active smoking and none reported drinking during pregnancy.
Considering the association between GDM and blood pressure status during pregnancy (Vanlalhruaii et al., 2013) , sensitivity analyses were performed after excluding participants who developed GDM. The final model was adjusted for the aforementioned covariates, except for GDM. We also performed sensitivity analyses by fixing uncorrected chemical concentrations as independent variables and further adjusted for SG to test the robustness of the associations.
To explore the sex-different effects of these chemical exposures on blood pressure during pregnancy, we conducted the above analyses after stratifying by fetal sex and adjusted for potential confounders mentioned above, except for fetal sex.
In addition, to adjust for multiple tests of significance, we used the false-discovery rate (FDR) to correct the P values and calculated the FDR-adjusted P-values (P -FDR ) by the available spreadsheet software developed by Pike (2011) .
An alpha level of 0.05 was defined as statistical significance, and we performed all statistical analyses using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Demographic characteristics of the present population are shown in Table 1 . The average age of pregnant women at enrollment was 28.7 years. The average pre-pregnancy BMI was 20.8 kg/m 2 . The average age and pre-pregnancy BMI did not differ between women with male fetuses and those with female fetuses (both P > 0.05). Approximately 80% of the women had a college education. Most pregnant women in this population had not given birth before (79%) and had no second-hand smoke exposure during pregnancy (62%). Of the 644 pregnant women, only 14 (2%) women developed HDP and 56 (9%) women developed GDM. Annual family income, education levels, parity, passive smoking during pregnancy, and the incidence of HDP and GDM did not vary between mothers carrying male and female fetuses (all P > 0.05). We summarized average blood pressure values in each trimester among women with male fetuses and those with female fetuses (Table S1 ) and found that blood pressure values, including SBP, DBP, PP, and MAP, in the three trimesters showed no difference between the two groups (all P > 0.05). Table 2 describes the detection rates, ICCs, and concentrations of urinary parabens, triclosan, and benzophenones among all participants. MeP, EtP, and PrP were detected in > 90% of urine samples. The urinary GMs of MeP, EtP, PrP, BzP, BuP, and ∑parabens were 15.49 μg/L, 0.48 μg/L, 0.66 μg/L, < LOD, < LOD, and 0.15 μmol/L, respectively. Urinary concentrations of MeP, EtP, and PrP were higher in the first trimester than those in the third trimester (all P < 0.05). Triclosan was detected in approximately 80% of urine samples in the present population. Compared with our previous report (Zhao et al., 2017) , the detection rate of triclosan was higher in this work because of the obtained lower LOD. For the three benzophenones, BP-1 had the highest detection rate (89%), followed by 4-OH-BP (85%) and BP-3 (71%). Concentrations of BP-1 and BP-3 also varied by trimester (both P < 0.05). The ICC values of all analyzed chemicals in the three trimesters were < 0.4. Percentiles of the tested chemicals are presented in Table S2 . We compared urinary concentrations of parabens, triclosan, and benzophenones between women with male fetuses and those with female fetuses and found only BP-3 was significantly varied between the two groups (see Table S3 ).
The associations of repeated measures of all chemicals and blood pressure from mixed linear models were similar before and after adjustment for covariates. Therefore, the βs (95% CIs) and P -FDR values are shown only after adjustment in Table 3 . Among all pregnant women, we observed no significant association between any chemical and SBP or DBP. Only a slightly change in PP (β = 0.34, P -FDR = 0.02) was observed when related to triclosan. Interestingly, the associations were in different directions in fetal sex-stratified groups. For almost all chemicals, we observed positive associations with SBP, DBP, and MAP in women carrying male fetuses but negative though nonsignificant associations in women carrying female fetuses. Among women with male fetuses, per ln-unit increase in triclosan, BP-1, 4-OH-BP, and ∑benzophenones were significantly associated with 0.32 (P -FDR = 0.03), 0.58 (P -FDR = 0.02), 0.75 (P -FDR = 0.03), and 0.76 (P -FDR = 0.02) mmHg change in SBP, respectively, whereas no chemical was significantly associated with SBP in women with female fetuses. DBP was not associated with any chemical in women carrying male fetuses but was inversely associated with triclosan in women carrying female fetuses, though the magnitude was small (β = −0.38, P -FDR = 0.03). No chemical was associated with PP, neither in women with male fetuses nor in women with female fetuses. In addition, BP-1 and ∑benzophenones were significantly associated with a slight change of MAP in women carrying male fetuses, while no significant association with MAP was observed in women carrying female fetuses. Further, we observed a null association of urinary paraben, triclosan, and benzophenone levels with the onset of HDP, both in all participants and in analyses stratified by fetal sex (see Table S4 ).
The results of GAMs suggested no strong evidence for departure from linearity (all nonlinearity P-values > 0.05). In addition, the significant estimates in the tertile models have shown trends of linear dose-response relationships between triclosan, benzophenone and blood pressure measurements, though the P-values for trend of most associations in tertile models were > 0.05 (Table S5 ). After excluding women with GDM, the associations between chemicals and blood pressure were mostly unchanged (see Table S6 ). When using the uncorrected chemical concentrations as independent variables, and additionally adjusting for urinary SG in the final model, associations between triclosan, benzophenones and PP were robust (see Table S7 ).
Discussion
To the best of our knowledge, this is the first epidemiological study estimating the associations of urinary parabens, triclosan, and benzophenones with blood pressure during pregnancy. Taking advantage of the prospective birth cohort, we found that SBP during pregnancy was significantly associated with urinary triclosan and some benzophenones, although the magnitude was tiny. Furthermore, the significant associations with SBP were observed only among women carrying male fetuses, indicating a potential modifier role of fetal sex in the associations of triclosan and benzophenone exposure with blood pressure during pregnancy. Abbraviations: pre-pregnancy BMI: pre-pregnancy body mass index. Parabens, triclosan, and benzophenones were rapidly metabolized and mainly excreted as conjugated urinary metabolites after absorption (Sandborgh-Englund et al., 2006; Soni et al., 2005; Wang and Kannan, 2013) ; thus, urinary concentrations were primary exposure biomarkers to assess the valid exposures. Notably, a single urine sample may not be sufficient to reflect long-term individual exposure because of the fast excretion of those chemicals in the human body, usually within several hours to several days (Sandborgh-Englund et al., 2006; Soni et al., 2005; Wang and Kannan, 2013) . This was further supported by the low ICCs (< 0.4) of parabens, triclosan, and benzophenones we observed across three different trimesters. Therefore, we used repeated urinary measurements in each trimester to make valid exposure assessments of those chemicals across pregnancy. In the present study, we observed that almost all chemicals, except for 4-OH-BP, had higher urinary concentrations in the first trimester than in the second and/or third trimester, possibly because the physiological and biochemical changes associated with pregnancy may alter the physiological response to environmental pollutants (Abduljalil et al., 2012) . Another potential explanation is that women may reduce their exposure to personal care products, especially cosmetics, which are common sources of these chemicals, in mid and late pregnancy, after their pregnancy has been confirmed.
The high detection rates (70%-97%) of the analyzed chemicals, except for BzP and BuP, indicated that the Chinese pregnant women were widely exposed to selected parabens, triclosan, and benzophenones. We compared the tested chemical levels in this study and other reported populations in Table 4 . The median levels of MeP, EtP, and PrP (15.1, 0.6, 0.9 μg/L) in the present population were comparable to that of pregnant women from Denmark (median, 20.7, 1.01, 4.17 μg/L) (Tefre et al., 2014) but much lower than those from France (median, 97.8, 4.1, 12.5 μg/L) (Philippat et al., 2012) and the United States (median, 279.0, 1.4, 75.3 μg/L) (Pycke et al., 2015) . Urinary triclosan levels in our study population (median, 0.4 μg/L) were much lower than in pregnant women from France (median, 24.1 μg/L) (Philippat et al., 2012) , Canada (median, 9.2 μg/L) (Arbuckle et al., 2015) , and the United States (median, 26.5 μg/L) (Watkins et al., 2015) and slightly lower than those from Denmark (GM, 0.96 μg/L) (Lassen et al., 2016) . Compared with Denmark, pregnant women in the present study were exposed to lower levels of BP-1 (median, 0.3 vs. 0.5 μg/L) and higher levels of 4-OH-BP (median, 0.2 μg/L vs. < LOD) (Krause et al., 2017) . Urinary BP-3 concentrations in the pregnant women of the present study (GM, 0.4 μg/L; median, 0.6 μg/L) were lower than in the same population from France (median, 1.7 μg/L) (Philippat et al., 2012) , Norway (GM, 6.1 μg/L) (Guidry et al., 2015) , and Denmark (median, 2.6 μg/L) (Krause et al., 2017) but were comparable to those of children (median 0.6 μg/L) and adults (median, 0.7 μg/L) in China (Wang and Kannan, 2013) . In summary, the detection rates and concentrations of urinary parabens, triclosan, and benzophenones in the present population were comparable to populations from Denmark and other cities in China but lower than that of most developed countries, including the United States, Canada, and France, perhaps because of the differences in regions, economic status, lifestyle, usage rate of personal care products, as well as the timing of sample collection during pregnancy (Zhang et al., 2013) . EDCs at low dose can lead to effects on human Abbreviations: CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; MAP, mean arterial pressure. Significance of bold: P -FDR < 0.05. a Natural logarithm transformed specific gravity-corrected concentrations. b Adjusted for age, pre-pregnancy BMI, fetal sex, parity, annual family income, and gestational diabetes mellitus in all population. Adjusted for above covariates except for fetal sex in the stratified analyses. c P values for estimating false-discovery rate (FDR) to correct multiple comparisons.
health (Vandenberg et al., 2012) ; thus, the potential adverse health effects of parabens, triclosan, and benzophenones, even with the relatively low exposure levels in the present population, should not be neglected. Further, a previous study indicated that EDC exposure levels were associated with age , but no significant associations between age and levels of paraben, triclosan, and benzophenone were observed in the present study (data not shown). Blood pressure, the most common indicator of circulation system condition and a strong contributor to the risk of cardiovascular events, was previously suggested to be influenced by EDCs (such as bisphenol A, polychlorobiphenyls, and organochlorine pesticides) in the general population (Bae and Hong, 2015; Henriquez-Hernandez et al., 2014) . However, limited research related EDCs to blood pressure among pregnant women, who are more vulnerable to environmental containments compared with adults in the general population. As far as we know, only one study reported that monobenzyl phthalate (MBzP) exposure was associated with DBP among 369 pregnant women in the United States (Werner et al., 2015) . Those findings provided a clue to the potential associations of EDCs with blood pressure and highlighted the needs of further research on adverse cardiovascular effects of EDC exposure, particularly among pregnant women.
No previous data were available on the association of parabens with blood pressure in pregnant women, but a study based on the National Health and Nutrition Examination Survey investigated the association between urinary parabens and high blood pressure (SBP ≥ 140 and DBP ≥ 90 mm Hg) in the general population with an average age of 31.4 ± 24.6 (mean ± SD) years. In agreement with our findings, they found no significant associations between paraben exposures and high blood pressure occurrence (Shiue, 2014) . This null association may be explained by the weak estrogen activity of parabens (Bledzka et al., 2014) . Since the paraben levels of the present pregnant women were much lower than that of pregnant women in most developed countries (Table 4) , further replicated research in other populations is needed to make a conclusion about the associations between parabens and blood pressure during pregnancy.
Our results suggested the four blood pressure indicators (SBP, DBP, PP, and MAP) showed different sensitivity with the chemicals in the groups stratified by fetal sex. In women carrying male fetuses, SBP was the most sensitive indicator, as it was affected by triclosan and almost all benzophenones. However, the SBP-dominant effects disappeared in women carrying female fetuses. The diverse results suggest the need for further studies to take fetal sex susceptibility into consideration for research on the sensitivity of blood pressure measures of pregnant women.
The exposures of parabens, triclosan, and benzophenones had no significant associations with HDP. The limited number of HDP cases (n = 14) in the present population may be one possible reason, and the other explanation may be that the magnitude of the adverse effects on blood pressure did not reach the hypertension threshold in the present exposure levels. Although changes in blood pressure values of only 0.3 to 0.8 mm Hg were observed to be associated with triclosan or benzophenones in the present study, this is a hazard that warrants concern. A tiny change in blood pressure may seem negligible for individuals, but it can have a non-ignorable impact at the population scale. Further, this tiny change in blood pressure was observed in a population with much lower triclosan and benzophenone levels than those found in most developed countries (Table 4 ). This highlights the necessity of evaluating the effects of triclosan and benzophenones on blood pressure and related diseases in populations with different exposure levels, especially those with higher exposure levels of triclosan and benzophenone.
Although the underlying mechanisms that related triclosan and benzophenones to blood pressure alteration during pregnancy have not yet been studied, previous studies that researched other EDC-related blood pressure increments provided a clue as to the possible pathways. Estrogen and androgen play important roles in maintaining endothelial function and the cardiovascular system and can stimulate the reninangiotensin-aldosterone system and consequently modulate blood pressure. Triclosan and benzophenones, which are well-documented EDCs, have the ability to disrupt estrogen and androgen functions, which might then affect blood pressure (Dos Santos et al., 2014) . Also, triclosan and benzophenones may alter blood pressure via disruption of the thyroid hormone (Aker et al., 2016; Koeppe et al., 2013) , which is also associated with blood pressure regulation (Fommei and Iervasi, 2002) . The associations may be explained by the potential effects of triclosan and benzophenones on oxidative stress and systemic inflammation, although both are great contributors to blood pressure increment (Cullinan et al., 2015; Dinh et al., 2014; Liu et al., 2015; Watkins et al., 2015) . Further, the findings regarding blood pressure increment were most prominently observed in women carrying male fetuses. Exposure levels could not explain the dominant effects associated with mothers of male fetuses, since concentrations of those chemicals, except for BP-3, did not differ between pregnant women carrying female fetuses and those with male fetus in the present study. The possible explanation for the potential fetal sex-different associations is that EDC exposure is thought to disrupt maternal hormones and placental secretion in a fetal sex-specific way (Sood et al., 2017) . In addition, the reported fetal sex differences in maternal inflammatory and immune function (i.e., women carrying male fetuses face higher Table 4 Comparison of paraben, triclosan, and benzophenone concentrations in the urine of pregnant women from the present study and previous studies. Philippat et al. (2012) France levels of inflammation) may also contribute to the stronger associations observed in these women (Enninga et al., 2015) . The major strength of the present study is the prospective cohort design, which allowed us to repeatedly measure chemical exposures and blood pressure over three trimesters, to make a valid exposure, and to investigate the relationship with outcome measurement. Moreover, the detailed information obtained from interviews and medical records enabled us to control socioeconomic, perinatal, and environmental confounders.
Our study also has some limitations. First, the magnitude of blood pressure changes associated with contaminant exposures observed in this study was tiny, which was possibly the result of measurement error or internal variation. Because the tiny change in blood pressure was associated with relatively low exposure levels of triclosan and benzophenone in this study, future replicated research, especially in populations with higher triclosan and benzophenone exposure levels, is needed to make the conclusion. Then, detailed information about the use of personal care products during pregnancy was not available in the present population, which prohibited us from clarifying the sources of chemical exposure. Other factors that may impair blood pressure, such as salt intake and maternal stress, were not adjusted because of unavailable information.
Conclusions
In summary, the present study suggested that exposure to triclosan and benzophenones during pregnancy has the potential to alter blood pressure in pregnant women, and the associations may differ by fetal sex. Further, as cardiovascular morbidity and mortality are rising worldwide, the potential risk of later-life cardiovascular diseases in mothers and children exposed prenatally to environmental pollutants is a critical area of investigation.
